Mississippi State University

Scholars Junction
Theses and Dissertations

Theses and Dissertations

8-7-2020

Evolution of Fed Cattle Carcass Value
Madeline Poss

Follow this and additional works at: https://scholarsjunction.msstate.edu/td

Recommended Citation
Poss, Madeline, "Evolution of Fed Cattle Carcass Value" (2020). Theses and Dissertations. 2092.
https://scholarsjunction.msstate.edu/td/2092

This Graduate Thesis - Open Access is brought to you for free and open access by the Theses and Dissertations at
Scholars Junction. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of
Scholars Junction. For more information, please contact scholcomm@msstate.libanswers.com.

Template B v4.1 (beta): Created by L. Threet 11/15/19

Evolution of fed cattle carcass value
By
TITLE PAGE
Madeline Poss

Approved by:
Kalyn T. Coateny (Major Professor)
Thu Dinh
Randall D. Little
Joshua G. Maples
Daniel J. Rivera
Ardian Harri (Graduate Coordinator)
George M. Hopper (Dean, College of Agriculture and Life Sciences)

A Thesis
Submitted to the Faculty of
Mississippi State University
in Partial Fulfillment of the Requirements
for the Degree of Master of Science
in Agriculture
in the Department of Agricultural Economics
Mississippi State, Mississippi
August 2020

Copyright by
COPYRIGHT PAGE
Madeline Poss
2020

Name: Madeline Poss
ABSTRACT
Date of Degree: August 7, 2020
Institution: Mississippi State University
Major Field: Agriculture
Major Professor: Kalyn T. Coatney
Title of Study: Evolution of fed cattle carcass value
Pages in Study: 59
Candidate for Degree of Master of Science
Fed cattle carcass characteristics on the live animal (lean and fat deposition) evolve over time
directly impacting weight, quality and yield grades. Given buyer valuation is ultimately based on
these characteristics’, fed cattle output value evolve as well. Fed beef is a time dependent process
where input costs accrue over time. Previous dynamic profit optimization simulations for live
animal transactions outperformed marketing based on a carcass end-point target from live animal
evaluations. However, the profit model assumed constant live cash price and did not account for
the evolution of the underlying carcass value over time. The model developed in this research
extends the previous modeling framework in both directions. The opportunity costs of not
accounting for carcass value are presented and are consistent regardless of the average seasonal
price pattern recently observed. Though the accuracy of carcass characteristic prediction were
fairly reliable, more research is needed in this area.
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CHAPTER I
INTRODUCTION
Fed cattle carcass characteristics, such as lean and fat deposition, evolve over time at
varying proportional rates which directly impacts the quality and yield grades of the animal over
time (Bruns et al., 2004). As fed cattle increase in body weight, the rates at which carcass weight,
quality and yield grades change over time are based on various factors such as, days on feed,
diet, growth promotants, genetics, breed, and gender (e.g. Van Koevering et al., 1995; Rathmann
et al., 2012). Van Koevering et al. (1995) found that as days on feed increase marbling score and
the percent of cattle grading Choice increases until approximately 147 days on feed, after which
animals stopped accumulating additional intramuscular fat but continue to only deposit
subcutaneous fat.
Increasing marbling score (intramuscular fat) leads to more preferable quality grades for
consumers (Tatum, 2012). Increasing the subcutaneous fat results in a reduction of lean edible
meat on the carcass, and thus leads to less preferred yield grades for processors, as the
percentage of retail cut meat decreases (Tatum, 2012). Beef processors price fed cattle based on
carcass weight, quality, and yield grade metrics via either visual appraisal of live animals at the
feedlot or by inspection of the carcasses at the processing facility. Therefore, the value of fed
cattle evolves over time.
The production of fed beef is a costly process for cattle feeders and is not a static choice
of the quantity of inputs to produce an output. Instead, cattle production consists of providing
1

some inputs daily as the animal grows (i.e. feed and labor), some at fixed points in time (i.e.
vaccinations and growth promotants), and others randomly (i.e. medications). The inputs
provided daily (i.e. feed and labor) are thus time dependent. Therefore, variable production costs
of fed cattle accrue over time.
Cattle feeders typically harvest cattle between 90 and 300 days on feed, depending upon
the rate at which the cattle reach some targeted carcass value (United States Department of
Agriculture Economic Research Service, 2018). Some cattle feeders use a 0.50 inch of backfat
rule to decide when to market groups of ‘similarly situated’ individual animals (Maples et al.,
2015; Bondurant, 2016). This is determined by visually appraising the animal between the 12th
and 13th rib. This rule is intended to improve profitability by mitigating the number of carcasses
that are overly fat resulting in lower valued yield grades, yet fat enough to improve the number
of carcasses that reach higher valued quality grades. However, this marketing decision rule does
not necessarily account for the accrued costs of carcass production, nor changing market
conditions.
Accounting for the accrued costs of production over time, Maples et al. (2015) developed
a dynamic profit decision rule that solved for the optimal time to market fed cattle on a live
animal basis. The methodology first estimates two candidate non-linear growth functions for
each animal based on observed live animal body weights. The study assumed constant average
daily variable (factor) costs derived by dividing the total time dependent variable costs of
production by days on feed. Next, by assuming a constant average live cattle cash price path, the
optimal marketing date was identified under a classic dynamic profit optimization stopping rule,
where the time dependent marginal value product equals constant marginal factor cost (Chiang,
1984: pg 463-464). The authors then compared the simulated profitability of their profit-based
2

marketing rule to that of animals that were harvested based on the 0.50 inch backfat rule. Three
comparisons were made based on historical weekly live cash prices collected from the
Agricultural Marketing Service (AMS); high, low and average weekly live steer prices. The
authors concluded that the profit-based marketing rule outperformed the 0.50 inch backfat rule,
by $7.67 to $21.09 per head, depending upon the assumptions of output price and the ‘true’
underlying growth function. The authors also concluded that accounting for carcass value
dynamics would improve the validity of the comparison between the two marketing methods.
Problem Statement
Though Maples et al. (2015) accounted for the change in live animal body weight to
determine their profit maximizing market timing rule, they did not account for the evolution of
the underlying carcass attributes, such as quality grade and yield grade, and how these attributes
influence the realizable price at any point in time. The realizable price is either the highest bid
based on a buyer’s live animal evaluation of carcass quality (live cash price), or directly
observed after a USDA grader has assigned a grade and yield and the associated premiums and
discounts are applied (grid formula). Accounting for a realizable price will, by definition of the
modeling framework, alter the optimal market timing and the comparative results of the study.
The methodology presented by Maples et al. (2015) implicitly assumes that the seller
would receive the reported average AMS live cash price at any point during the feeding process,
or a carcass based equivalent. Many grid formula pricing agreements utilize either a reported
AMS live cash price (typically regional), or its carcass equivalent price based on a dressing
percentage (roughly 62.5 percent), as the base price; from which premiums and discounts are
applied based on the quality characteristics of the carcass (Parish et al., 2009). This implicitly
assumes that the average quality of an animal sold on a live or carcass basis are equal. As an
3

example, if the base price in a grid formula is for a Choice Yield grade 3 (Y3) carcass and the
carcass equivalent price reported is based on roughly a 62.5 dress percentage, then if the live
cash price is negotiated to equal $107/cwt, the reported carcass equivalent price is $171.20/cwt.
However, given the evolution of carcass quality attributes, the animal will not meet the criteria
which merits a Choice Y3 at all points of its growth and development. Even in a live animal
transaction, where expert buyers adjust live bids based on perceived states of the underlying
carcass, it cannot be assumed that the average live AMS price will be offered at all points of
time.

Objective
There are four main objectives of this research. The first objective is to extend Maples et
al. (2015) to include seasonal live cash price paths. Adding a seasonal price path allows the
results to better mimic this reality in the cattle industry. The second objective is to develop a
value adjusted live cash price path based on the carcass evolution; allowing for the evolving
dynamics of the underlying carcass. The third objective is to identify the opportunity costs of
marketing based on the industry standards of the 0.50-inch backfat rule relative to profit
maximization. The final objective is to identify the opportunity cost of ignoring carcass evolution
in a profit maximization methodology.

4

CHAPTER II
LITTERATURE REVIEW
This section compiles previous research regarding how cattle carcass growth evolves
over time. Specifically, it provides research that has examined the relationship between carcass
characteristics and days on feed, a primary metric for market timing. Next, a discussion of the
methods used by industry to determine value is provided. Finally, previous research regarding
how the value of the carcass evolves over time is discussed.

Determination of Carcass Yield and Quality Grade
When fed cattle are marketed their value is a function of their yield grade and quality
grade, which ultimately places a proportional value between the amount of meat received and the
palatability of the meat respectively. There are five USDA yield grades; yield grade 1, 2, 3, 4,
and 5 (Tatum, 2012). The lower the yield grade number, the higher the amount of retail cut meat.
Yield grade is determined by four carcass characteristics; external fat thickness over the ribeye,
ribeye area, the percentage of kidney, pelvic and heart fat (KPH), and hot carcass weight. In
addition to yield grade, quality grade of carcasses plays a role in the value of meat. Quality grade
refers to the perceived palatability of the meat. Quality grade is determined by marbling (amount
and distribution of intermuscular fat) and carcass maturity. There are eight USDA quality grades;
Prime, Choice, Select, Standard, Commercial, Utility, Cutter, and Canner (Tatum, 2012). There
are five maturity groups; A (9 to 30 months), B (30 to 42 months), C (42 to 72 months), D (72 to
5

96 months), and E (more than 96 months). Maturity is determined by evaluating the size, shape,
and ossification of the bones and cartilage as well as the color and texture of the ribeye muscle
(Parish et al., 2016). An animal with A or B maturity cannot grade below standard, and once an
animal reaches C maturity it cannot grade above commercial (Tatum, 2012). However, due to the
fact that the majority slaughter steers and heifers are slaughtered before 42 months of age,
animals grading commercial, utility, cutter, or canner can be ignored. It should be noted that an
increase in fat deposition increases both yield and quality grade (Tatum, 2012). Ideally one
strives for the highest quality grade (Prime) and the lowest yield grade 1.

How Days on Feed Affect Carcass Composition
Numerous studies have analyzed how the number of days on feed affect carcass
composition of cattle. Analyzing British and Continental crossbred steers, Van Koevering et al.
(1995) found that subcutaneous fat increased with USDA yield grade. As days on feed increase,
the percentage of steers grading Select and Standard decreased while the percent grading Choice
increased. By 147 days on feed, steers stopped depositing intramuscular fat and continued to
deposit subcutaneous fat (Van Koevering et al., 1995). The results demonstrate that carcass
characteristics evolve over time, first by progressively increasing intramuscular fat potential, and
as the maximum potential is approached, the animal begins depositing increasing amounts of
subcutaneous fat.
Bondurant et al. (2016) found that feeding animals for 184 days as compared to 142 days
resulted in an increased percentage of cattle grading in the upper 2/3 Choice, as well as increased
hot carcass weight. However, they also observed a 10.5 percent increase in the number of
animals with yield grade 3 as compared to those only fed 142 days and 163 days. Similarly,
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Rossi et al. (2001) found that both steers fed ad libitum and steers fed a restricted diet did not
result in an increased percentage of cattle grading choice when days on feed increased from 168
days to 203 days. Hence, quality grade exhibited diminishing returns to days on feed.
Additionally, steers fed 168 days exhibited a lower yield grade on average than those fed 203
days.
Although more research analyzes steers, as they comprise the greater proportion of fed
cattle slaughtered, it is also important to consider heifer carcass growth and development.
Rathmann et al. (2012) studied how increasing days on feed mitigates negative effects of
Zilpaterol hydrochloride in heifers. Zilpaterol hydrochloride promotes skeletal muscle growth,
but in doing so it decreases marbling score. Zilpaterol hydrochloride was fed at 0 and 20 to 22
days before slaughter. Heifer who were not fed Zilpaterol hydrochloride (no inhabitation to
intramuscular fat development) and with 127 DOF exhibited a greater frequency grading low
Choice, Select, and Standard as compared to heifers who were fed Zilpaterol hydrochloride
(inhibiting intramuscular fat development) with 148 DOF (Rathmann et al., 2012). Although
Zilpaterol hydrochloride promotes skeletal muscle growth, increasing DOF mitigates the effect,
thus increased days on feed results in improved marbling score.

How Fed Cattle Are Marketed
Groups of cattle of common ownership entering the feedlot at the same time are often
sorted into ‘sufficiently similar’ characteristic types (e.g. sex, breed, and frame score) and fed as
a group, typically in the same pen. These groups are generally marketed at the same time.
However similar at the beginning of the feeding period, genetic variations result in
heterogeneous evolution of carcass characteristics, and as such results in carcass value variation
7

at harvest (Pyatt et al., 2005). Marketing cattle as a single group results in approximately 25% of
cattle being fed to long as well as 25% of cattle not being fed long enough (Brethour, 2000).
Over feeding results in some cattle being discounted for having a yield grade over 3 and/or
overweight carcasses. At the same time, underfeeding results in some cattle being discounted for
lower quality grades and/or light weight carcasses. Some cattle feeders may sort finished cattle
out of a group for marketing based on the 0.50 inch backfat rule, as noted earlier, to avoid
discounts. Koontz et al. (2000) found that sorting and resorting the cattle into similar groups
throughout the feeding period resulted in an added return of $11 to $25 per head.
The total transaction price for fed cattle is determined on live weight, carcass weight, or
carcass value either estimated or observed. Table 2.1 provides a detailed description of the
various attributes of live and grid (a.k.a. formula) transactions. Cattle marketed on a live weight
basis are generally sold on a group (pen) basis. The buyer visually appraises the value of the
group. First, the buyer evaluates the state of the average carcass in the group. The live cash price
offered is based on the buyer’s expectations of the groups average dress percentage, carcass
quality grade and yield grade. Pricing begins with a base price for a Choice Yield Grade 3
carcass the buyer adds premiums and subtracts discounts to arrive at an average price. Next, the
carcass price is multiplied by the expected dressing percent to obtain the live animal equivalent
cash price (Parish et al., 2009). The average live cash price is therefore expected to represent a
Choice Yield Grade 3 animal whose dress percent is roughly 62.50 percent depending on the
typical animal delivered to the packing plant. Finally, the sale quantity is reduced by the percent
the buyer believes the animals will shrink prior to slaughter due to gut fill and distance hauled.
Due to pen average pricing, high quality animals are essentially discounted, while low quality

8

animals receive premiums that would be otherwise be observed if marketed on an individual
basis.
In regards to carcass based transactions where the carcass characteristics are observed,
grid (a.k.a. formula) pricing begins with the determination of a base price derived from a local,
regional, or national negotiated price source, typically reported by the USDS Agricultural
Marketing Service (AMS). The base price is either a dress percentage adjusted live cash price or
the reported dressed cash price. Next, premiums and discounts are applied to individual carcasses
based on a carcass merit basis (Hogan et. al., 2009). To successfully market cattle on the grid, the
seller must be knowledgeable about the cattle’s genetics, weight, age, and carcass characteristics,
in order to avoid heavy discounts and benefit from the premiums.
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Table 2.1

Cattle Pricing Methods of Focus

Pricing Factors
Pricing level

Live Weight Pricing
Pen

Grid/ Formula Pricing
Animal

Base Price

Start with Choice YG 3 dressing
62.5%

From an external negotiated
price

Timing for determining
premiums and discounts

Visual evaluation of live animal
at feedlot by producer.

Visual evaluation of live animal
at feedlot by producer.

Then visual evaluation of live
animal by packer to adjust price
up or down based on expected
value.

Paid for individual
quality
Paid for individual yield

No

Evaluation of actual carcass by
packer after slaughter and from
there the actual grades are
translated into premiums and
discounts which are then
received by the feeder.
Yes

No

Yes

Paid for individual
dressing %

No

No

Table 2.2 is a real-world example set of grids over time from a current Mississippi State
University marketing study. As can be seen, base prices, premiums and discounts change over
time. For instance, the base price for harvest groups 1, 3, and 6 (Choice Y3) were $204.19/cwt,
$206.34 and $188.49/cwt. Though, the premiums and discounts for yield grade remained the
same, Prime premiums for the same groups were $10.75, $8.75, and $10.75/cwt. The Select
discounts for the same groups were $4.50, $9.25, and $12.25/cwt. The Standard or no-role
discounts were $9.50, $15.50, and $23.75/cwt. Finally, the Certified Angus Beef premium varied
as well. Thus, the difference in grid prices across carcass categories impacts the overall value of
a carcass at any point in time. As such, market timing combined with evolving carcass
10

characteristics makes targeting a marketing date to maximize revenue a difficult task for the
seller of fed cattle.
Table 2.2

Example Set of Grids Over Time
Group 1

Quality Grade
Prime
Prime
Prime
Prime

Group 2 Group 3 Group 4 Group 5

Harve
st
12-Mar- 2-AprDate
19
19
Carcass Carcass
Yield Price$/c Price$/c
Grade
wt
wt
1
$221.44 $220.25
2
$217.44 $216.25
3
$214.94 $213.75
4
$206.94 $205.75

Group 6

16-Apr19
Carcass
Price$/c
wt
$221.59
$217.59
$215.09
$207.09

7-May19
Carcass
Price$/c
wt
$214.67
$210.67
$208.17
$200.17

16-May- 21-May19
19
Carcass Carcass
Price$/c Price$/c
wt
wt
$207.93 $205.74
$207.93 $201.74
$207.51 $199.24
$199.51 $191.24

Choice
Choice
Choice
Choice
Choice

1
2
3
4
5

$210.69
$206.69
$204.19
$196.19
$192.19

$211.50
$207.50
$205.00
$197.00
$193.00

$212.84
$208.84
$206.34
$198.34
$194.34

$206.92
$202.92
$200.42
$192.42
$188.42

$192.93
$192.93
$192.51
$192.51
$172.51

$194.99
$190.99
$188.49
$180.49
$176.49

Select
Select
Select
Select

1
2
3
4

$206.19
$202.19
$199.69
$191.69

$205.25
$201.25
$198.75
$190.75

$203.59
$199.59
$197.09
$189.09

$196.42
$192.42
$189.92
$181.92

$192.93
$192.93
$192.51
$184.51

$182.74
$178.74
$176.24
$168.24

Standard
1
$194.69 $190.25 $190.84 $179.17 $172.51 $164.74
Standard
2
$194.69 $190.25 $190.84 $179.17 $172.51 $164.74
Standard
3
$194.69 $190.25 $190.84 $179.17 $172.51 $164.74
Standard
4
$186.69 $182.25 $182.84 $171.17 $164.51 $156.74
Other
Premiums/Discounts
Certified Angus Beef
$6.25
$6.00
$4.50
$6.50
$6.00
$3.00
Over 30 Months
-$25.00 -$25.00 -$25.00 -$25.00 -$25.00 -$25.00
Light Muscled
-$20.00 -$20.00 -$20.00 -$20.00 -$20.00 -$20.00
Stags
-$25.00 -$25.00 -$25.00 -$25.00 -$25.00 -$25.00
Dark Cutter
-$55.00 -$55.00 -$55.00 -$55.00 -$55.00 -$55.00
1000 to 1050 lb.
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
Over 1050 lb.
-$35.00 -$35.00 -$35.00 -$35.00 -$35.00 -$35.00
Under 550 lb.
-$25.00 -$25.00 -$25.00 -$25.00 -$25.00 -$25.00
Source: Kalyn Coatney, Project Leader, “Marketing Fed Cattle Under a Dynamic Profit
Maximization Rule,” Mississippi State University Research Project, 2019.
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How Carcass Evolution Affects Value
Bondurant et al. (2016) studied114 crossbred steers who were serially slaughtered in 3
groups of 38 head were feed for either 142, 163, or 184 days. They found that as days on feed
increased there was not a significant difference in premiums and discounts associated with hot
carcass weights and quality grade. However, yield grade discounts increased linearly as the days
on feed increased. Total profit per head significantly increased from $18.20 to $85.74 as days on
feed increased because HCW increased (Bondurant et al., 2016). As a result, the research
suggested that feeding cattle 44 days longer (ie. 184 days on feed) than the industry’s average of
a 0.5 inch backfat results in increased profit per head.

12

CHAPTER III
PREDICTING THE EVOLUTION OF CARCASS CHARACTERISTICS
This section will explain how carcass characteristics of individual cattle are predicted to
evolve over time. The goal is to detail the methodology for predicting the evolution of the
primary valuation metrics of USDA yield grade and quality grade for individual animals based
on days on feed in the feedlot. Results based on the data are provided to identify the accuracy
and applicability of the methodology. The predictive equations derived herein are then used in
the subsequent dynamic profit model simulations.

Live Animal Growth Prediction
Live body weight growth (LW), the most readily observable physical characteristic metric
during the feeding phase, is the starting point in this analysis for predicting the evolution of
underlying carcass characteristics. The LW is observed by weighing individual animals (groups)
at specified time intervals. The data used for estimation of live weight growth is on an individual
basis. The methodology used for estimating individual live body growth is as follows.
Maples et al. (2015) estimated two nonlinear live animal growth functions on an
individual basis for fed cattle, using data collected on cattle of Mississippi origin. The Verhulst
life cycle logistic growth model, which is reliant on age verification; and a delivery weight
adjusted exponential growth model reliant only on observed days on feed (DOF) is used. Though
a moderate improvement in accuracy was observed when the age of the animal is known, the
12

exponential growth model is used herein as the carcass dynamics equations utilized later in this
analysis are based solely on DOF. The predicted live animal body weight for each individual
animal (i) at DOF t = [0, ) is

𝐿𝑊𝑖 (𝑡) = 𝑒 −𝑘𝑖 𝑡 (𝑦𝑖0 − 𝑀𝑖 ) + 𝑀𝑖 ,

(3.1)

where ki is the intrinsic growth efficiency parameter, yi 0 is the feedlot delivery weight at t = 0 ,
and M i is the maturity weight parameter that is asymptotically approached as days on feed

t →  . Following Maples et al. (2015), individual growth parameters, ki , and maturity weight
parameters, M i , are estimated using of nonlinear least squares (Lopez et al., 2000), whereby the
Gauss-Newton grid search estimates the starting values followed by a Marquardt gradient search
to minimize the sum of squared errors (Marquardt, 1963). The primary assumptions of this
estimation procedure is that model errors are mean zero, homoscedastic, and uncorrelated.
Additionally, individual maturity weight parameters are constrained during estimation to

M i  [1200, 1800] pounds. This estimation strategy eliminates wildly high or low estimates,
while providing some flexibility around the mean maturity weights for feedlot steers of 1,641
pounds found by Owen et al. (1995). The lower bound was more relaxed relative to the mean to
allow for extremely poor performing cattle due to sickness or poor genetics.
Data from the Tri County Steer Carcass Futurity (TCSCF), are used to estimate the
growth function in Equation (3.1). The data were collected from 2003 to 2011. The data are
restricted to 4,412 head of Angus and Angus cross-bred steers weighing 500 -700 pounds at
delivery. The cattle were harvested once they reached the 0.50 inch backfat target. The data
13

restrictions are applied to construct a set of cattle similar to those utilized in the production
literature, the basis for developing the carcass characteristics predictive equations (i.e. Bruns et
al., 2004). The data include four live body weights recorded at; delivery, on test weight (≈ 30
days to reach full ration), reimplant, and harvest. Age information in the data at each weighing is
used to derive the respective DOF for each weighing.
Descriptive statistics for live body weights at each weighing’s average interval length are
provided in Table 3.1 The average delivery weight was 610.65 pounds at 289 days of age, with a
minimum age of 145 days. This indicates that the cattle are likely from various phases in the
feeder cattle supply chain, from cow/calf weaning through stocker and preconditioning. The
average weighing interval post-delivery was approximately 34, 85, and 173 DOF. The average
slaughter weight was 1,176.46 pounds. The average age of slaughtered animals was 463 days
old, with a maximum age of 936 days, indicating that most cattle were not too old for maturity
issues (Tatum, 2012). It should be noted that the harvest weights reported in the TCSCF data
were estimated rather than recorded from live scale observations. Estimates were derived by
solving for a common live body weight shrink that results in an average dress of 61.5 percent for
each lot of cattle slaughtered.
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Table 3.1

Descriptive Statistics

Variable
Delivery Weight (lbs)
Delivery Age (days)
On Test Weight (lbs)
On Test Age (days)
On Test DOF (t)
Reimplant Weight (lbs)
Reimplant Age (days)
Reimplant DOF (t)
Harvest Weight (lbs)
Harvest Age (days)
Harvest DOF (t)

N
4412
4412
4412
4412
4412
4412
4412
4412
4412
4412
4412

Mean
610.65
288.71
733.31
322.72
34.01
915.57
373.91
85.20
1176.46
462.65
173.94

Standard
Deviation Minimum
53.65
500
71.69
145
70.29
430
72.13
180
6.40
20
92.42
570
71.65
240
17.04
50
91.22
901.34
72.72
336
22.11
107

Maximum
700
803
992
831
59
1220
867
146
1506.72
936
243

Table 3.2 provides summary statistics for the estimated growth functions. The average of
the individually estimated model mean square errors is 916.05, as compared to Maples et al.
(2015) of 1,546.33. The smaller average mean square error is likely due to a narrower weight
class and breed type of cattle. The results indicate that harvest weight is under predicted by 17.76
pounds, a 1.51 percent error as compared to Maples et al. (2015) of 1.29 percent. Generally, the
results indicate greater errors than seen in Maples et al. (2015). Both the results in Table 3.1.2
and Maples et al. (2015) over predict test weight error and reimplant weight error and under
predict harvest weight error.
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Table 3.2

Summary Statistics: Individual Growth Functions

Variable
Mean Square Error
Efficiency parameter, ki

N
4412

Mean
916.05

Standard
Deviation Minimum Maximum
1411.90
.0013
21548.16

4412

0.0045

0.0018

0.0012

0.0171

Maturity parameter, M i

4412

1699.39

179.86

1200

1800

On Test Weight Error

4412

20.83

29.47

-104.93

174.86

29.64
22.73

-96.13
-144.99

156.74
122.20

Reimplant Weight Error
4412
16.23
Harvest Weight Error
4412
-17.76
Note: RMSE, root mean square error.

RMSE

36.08
33.79
28.85

Figure 3.1 depicts the average estimated LWi (t ) and a four percent shrunk live weight
(SLW)

𝑆𝐿𝑊𝑖 (𝑡) = 0.96(𝑒 −𝑘𝑖 𝑡 (𝑑𝑖0 − 𝑀𝑖 ) + 𝑀𝑖 )

(3.2)

ranging from DOF t = [0, 365] . By day 365, the estimated average live weight of the cattle in
the study is 1,437.19 pounds, with a corresponding shrunk live weight of 1,379.7 pounds. Due to
the asymptotic properties of Equation (3.2) approaching maturity weight, the average growth
functions are strictly concave, and thus exhibit diminishing marginal returns to DOF.
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Figure 3.1

Average Live and Shrunk Body Weight

Carcass Prediction
This section lays out the process for predicting the evolution of individual carcass
characteristics that are used to derive valuation dynamics on a carcass merit basis. How initial
body growth estimates from the section Live Animal Growth Prediction are used to predict
individual carcass characteristics growth is discussed. The process of predicting carcass
characteristics over time begins with a prediction of dressing percentage from the individual
shrunk live weight equations. That, in turn, is used to derive predictions of the evolution of the
underlying hot carcass weight. Next, it is shown how predictions of hot carcass weight are used
to predict the growth in fat cover and ribeye area, which are important metrics for predicting the
USDA yield grade at any point in time. Finally, based on the evolution of hot carcass weight,
predictions of marbling score are used to derive USDA quality grades. Of the 4,412 observations
used to estimate individual body growth, 4,405 observations include carcass data at harvest,
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including hot carcass weight, fat cover, ribeye area, yield grade, and quality grade. The observed
carcass characteristics are utilized to measure the accuracy of predictive functions for validation
purposes.
To begin, Bruns et al. (2004) conducted a serial slaughter study of 80 Angus steers. The
study estimated the relationship between dressing percentage (DP) and hot carcass weight
(HCW). However, the study reports HCW and SLW in kilograms while the growth function in
equations (3.1) and (3.2) are in pounds. The conversion of the DP equation into pounds is
provided in Appendix A, resulting in the following growth equation

𝐷𝑃𝑖 (𝑡) = 0.4291 + 0.000185(𝑆𝐿𝑊𝑖 (𝑡)).

(3.3)

After substituting the estimated shrunk live weight (Equation (2.1)) into Equation (3.1),
predicted DP growth is calculated
𝐷𝑃𝑖 (𝑡) = 0.4291 + 0.000185(𝑒 −𝑘𝑖𝑡 (𝑑𝑖 − 𝑀𝑖 ) + 𝑀𝑖 ).

(3.4)

Figure 3.2 depicts the prediction of the average dressing percent of the cattle with carcass
information ranging from DOF t = [0, 365] . Based on Equation (3.4), on approximately day
161, cattle dress, on average 63 percent. Average DP exhibits diminishing marginal returns to
DOF due to the asymptotic properties of LW and SLW. For comparison, Bruns et al. (2004)
found that on day 250 the cattle averaged dressed at 65.6 percent, while the current predictions
average 65.9 percent. The predictions from Equation (3.4), however, cannot be compared to
those recorded in the TCSCF data due to the estimation process as discussed with harvest
weights.
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Figure 3.2

Predicted Average Dressing Percent Using Equation (3.4).

Bruns et al. (2004) expressed HCW as a multiplicative function of SLW and DP (see
Appendix A). Substituting Equations (3.4) and (3.2) into Equation A.2 (Appendix A) results in
the following hot carcass weight (HCW) growth equation,

𝐻𝐶𝑊𝑖 (𝑡) = 0.96(𝑒 −𝑘𝑖 𝑡 (𝑦𝑖0 − 𝑀0 ) + 𝑀0 )(0.4291
+ 0.0001776(𝑒 −𝑘𝑖 𝑡 (𝑦𝑖0 − 𝑀𝑖 ) + 𝑀𝑖 )).

(3.5)

Figure 3.3 depicts the prediction of the average hot carcass weight of the cattle in the data
ranging from DOF t = [0, 365] . Just as with asymptotic properties of whole body growth, the
average HCW exhibits diminishing marginal returns to DOF.
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Figure 3.3

Predicted Average Hot Carcass Weight using Equation (3.5)

The next step is predicting the growth of inches of rib fat cover (FC). Though not a value
metric in itself, FC is a metric used to predict USDA yield grade that impacts value, explicitly in
carcass-based transactions. Bruns et al. (2004) estimated centimeters of rib fat cover as a
function of kilograms of HCW as a function of days on feed. The conversion of Bruns et al.
(2004) FC equation to pounds is explained in Appendix A. The resulting conversion to inches of
FC growth as a function of pounds of HCW is

𝐹𝐶𝑖 (𝑡) = 0.214252 − 0.000804(𝐻𝐶𝑊𝑖 (𝑡)) + 0.000002(𝐻𝐶𝑊𝑖 (𝑡)2 ).

(3.6)

By substituting the hot carcass Equation (3.5) into Equation (3.6) results in the predicted inches
of rib fat deposition growth equation
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(3.7)

Graphical depiction of the expected evolution of average rib fat cover for the cattle in the
data can be seen in figure 3.4. Notice, unlike LW rib fat cover is not a strictly concave over DOF

t = [0, 365] , but rather slightly cubic. It can be shown that for the average animal in the data, the
rate of growth in FC increases at an increasing rate until approximately 175 DOF, then increases
at a decreasing rate thereafter. The later result is due to the power of the asymptotic properties of
live animal growth resulting in diminishing marginal returns at later DOF. The 0.50-inch backfat
target of TCSCF is predicted to occur around 130 DOF, 45 days prior to the beginning of
diminishing marginal returns.

Figure 3.4

Predicted Average Fat Cover Using Equation (3.7)
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Next, ribeye area (REA) is calculated. As with FC, this is a metric used to estimate
USDA yield grade. The squared inches of REA is predicted using the equation provided in
Lawrence et al. (2001),
𝑅𝐸𝐴 = 3.80 + 0.012(𝐻𝐶𝑊 ).

(3.8)

By substituting Equation (3.5) into Equation (3.8) results in each animal’s predicted ribeye
growth of

𝑅𝐸𝐴𝑖𝑡 = 3.80 + 0.01152(𝑒 −𝑘𝑖 𝑡 (𝑦𝑖0 − 𝑀𝑖 ) + 𝑀𝑖 )(0.4291
+ 0.0001776(𝑒 −𝑘𝑖 𝑡 (𝑦𝑖0 − 𝑀𝑖 ) + 𝑀𝑖 ))

Figure 3.5 depicts the average REA growth for the cattle in the data spanning DOF

t = [0, 365] . Following the asymptotic properties of live animal growth, REA exhibits
diminishing marginal returns to DOF.
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(3.9)

Figure 3.5

Predicted Average Ribeye Area Using Equation (3.9)

Next, is an explicit value metric in carcass-based transactions, the USDA Yield Grade
index (YG). Given hot carcass, rib fat cover, and ribeye area growth, Knight (2017) estimated
YG,
𝑌𝐺 = 2.50 + 2.50(𝐹𝐶 ) + 0.20(𝐾𝑃𝐻) + 0.0038(𝐻𝐶𝑊 ) − 0.32(𝑅𝐸𝐴).

(3.10)

By substitution of Equations (3.5), (3.7), (3.9) into Equation (3.10) and assuming an average
kidney pelvic heart fat (KPH) of 3.50 percent (Hale et al., 2013), the resulting predicted
evolution of USDA Yield Grade for each animal is
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(3.11)

Figure 3.6 depicts the predicted average evolution of YG for the cattle in the data
spanning DOF t = [0, 365] . As with FC, the evolution of YG is cubic. Again, it can be shown
that for the average animal in the data, the rate of growth in the YG index is strictly increasing at
an increasing rate until approximately 175 DOF, then increasing at a decreasing rate thereafter.

Figure 3.6

Predicted Average Yield Grade Using Equation (3.11)
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The predicted distribution of YG categories (1 to 5) in the population of cattle analyzed is
depicted in Figure 3.7. Initially when the animals enter the feedlot at day 0, 100 percent of the
population is predicted to be a YG 1. By 46 DOF about half of the population has converted
from a YG 1 to a YG 2. Once animals have reached 191 DOF approximately 50 percent of the
population is YG 3. Yield grade 4’s are not present until 146 DOF, while YG 5 are not present
until 206 DOF.

Figure 3.7

Population Probability- Yield Grade over Time

The last carcass metric, marbling score (MS), also directly impacts carcass value for
carcass-based transactions. Quality grade (e.g. Select and Choice) is predicted by means of the
marbling score (MS) indexing equation from Bruns et al. (2004). The marbling score equation is
in kilograms of carcass and must also be converted to pounds of carcass (see Appendix A for
details of that conversion). Marbling score in pounds of HCW is
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MS = 60.199 + 0.750243( HCW ) .

(3.12)

By substituting Equation (3.5) into Equation (3.12) results in the predicted evolution of marbling
score for each animal as

(3.13)

The numerical value for the marbling score is converted to a quality grade index, where
400=Slight=Select, 500=Small=Choice, 600= Modest=Choice, 700=Moderate=Choice, 800=
Slightly Abundant=Prime.
Figure 3.8 depicts predicted average MS for DOF t = [0, 365] . As was the case for LW,
MS exhibits strictly diminishing marginal returns to DOF.

Figure 3.8

Predicted Average Marbling Score Using Equation (3.13)
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Finally, the predicted distribution of quality grade categories (Standard to Prime) in the
population of cattle analyzed is depicted in Figure 3.9. The simulation predicts that 50 percent of
the population enters the feedlot with a Select quality grade and 50 percent enters with a
Standard quality grade. At 112 DOF approximately 50 percent of the population has converted
from a Select to Choice. Additionally, after 112 DOF a large portion of the Standard animal’s
grade Choice as well. About 40 percent achieve Prime by 365 DOF. As expected, there is an
inverse relationship between yield grade and quality grade; yield grades become worse over time
while quality grades improve over time.

Figure 3.9

Population Probability- Quality Grade over Time

Predictive Accuracy of Carcass Characteristics
To test the accuracy of the predictions of the HCW model, means difference tests were
conducted by comparing those observed in the population of cattle to those predicted from each
of the carcass characteristics equations. The following tests were conducted in using SAS
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statistical software (SAS, 2016). Before conducting the means difference tests, the KolmogorovSmirnov test for normality was performed. The null hypothesis of normal distribution was
rejected for all characteristics. Therefore, the Wilcoxon rank sum test was conducted. The
resulting means differences tests are provided in Table 3.3. The results are consistent with those
if normality is assumed and statistically unequal variances are corrected for by means of the
Cochran Test.
The results indicate that HCW is significantly under-predicted by 14.62 lbs., which is a
2.02 percent error on average. This result correlates to an under-prediction of live body weight,
and somewhat driven by the presumed 4 percent live body shrink, which may be more than what
is experienced on average. Next, the results indicate that fat cover is over-predicted by 0.185
inches, a 39.30 percent error on average. Ribeye area is over predicted by 0.044 inches, a 0.36
percent error. On a continuous basis, yield grade is under-predicted by 0.046, which is a 1.56
percent error. Also on a continuous basis, marbling score is significantly over-predicted by 51.57
points, a 9.56 percent error. In all, the predictive models result in a lighter carcass, more backfat,
larger ribeye, lower yield grade, and greater marbling than what was observed for the cattle in
the data.
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Table 3.3

Means Difference Test of Carcass Characteristics, N = 4405

Carcass characteristic
Mean
Std. Dev. Std. Err.
Min.
Max.
a
Observed Hot Carcass Weight
722.0
59.18
0.89
511
945
a
Predicted Hot Carcass Weight
707.4
68.46
1.03
460.40
966.20
Hot Carcass Weight Difference
-14.62
63.99
1.36
a
Observed Fat Cover
0.47
0.13
0.002
0.10
1
a
Predicted Fat Cover
0.66
0.14
0.002
0.27
1.30
Fat Cover Difference
0.19
0.13
0.003
a
Observed Ribeye Area
12.25
0.99
0.01
9
17.70
a
Predicted Ribeye Area
12.29
0.82
0.01
9.33
15.39
Ribeye Area Difference
0.04
0.91
0.02
a
Observed Yield Grade
2.95
0.51
0.008
0.85
5.12
a
Predicted Yield Grade
2.90
0.35
0.005
1.94
4.51
Yield Grade Difference
-0.05
0.44
0.009
a
Actual Marbling Score
539.40
76.37
1.15
300
890
a
Predicted Marbling Score
590.90
51.36
0.77
405.60
785.10
Marbling Score Difference
51.57
65.08
1.39
a
Note: Means are significantly different at  = 0.01 based on Wilcoxon Ranked Sum test.

Given premiums and discounts are applied to discrete categories of yield and quality
grade, the accuracy results of yield grade predictions directly affect the accuracy of predicted
payments. Predicted versus actual USDA yield grade, results are provided in Table 3.4. The
observed percentages of categories YG 2 and YG 3 are nearly equal and total 94.35 percent of
the data. As such, these two categories are of primary of interest.
Overall, the YG equation (Equation 3.11) correctly predicted 52.69 percent of all animals
harvested (Predicted YG = Observed YG, Table 3.4). A breakdown of the results reveals that of
those that were YG 2 at harvest, 70.29 percent were correctly predicted, while 29.24 percent were
predicted to be YG 3. Of those that were YG 3 at harvest, 40.26 percent were correctly predicted,
while 58.95 percent were predicted to be YG 2. In regards to the extremes, the animals were
entirely over predicted as to YG 2, while the higher YG 4 and 5 categories were almost entirely
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under predicted. Overall, the predictions tended to favor YG 2 and 3 at 96.30 percent, but had a
slight tendency to lean toward YG 3.
Table 3.4

Predicted and Observed USDA Yield Grade Categorical Results
Table of Actual USDA Yield Grade by Predicted USDA Yield Grade
Predicted USDA Yield Grade
1
2
3
4
Total

Observed
USDA Yield
Grade
1
Frequency
Row Percent
2
Frequency
Row Percent
3
Frequency
Row Percent
4
Frequency
Row Percent
5
Frequency
Row Percent
Total
Frequency

0
0
3
0.14
0
0
0
0
0
0
3

108
79.41
1507
70.29
1186
58.95
45
41.67
1
20
2847

28
20.59
627
29.24
810
40.26
59
54.63
4
80
1528

0
0
7
0.33
16
0.8
4
3.7
0
0
27

136
3.09
2144
48.67
2012
45.68
108
2.45
5
0.11
4405

Row Percent

0.07

64.63

34.69

0.61

100

Predicted versus actual USDA quality grade, results are provided in Table 3.5. It was
never predicted and was rarely observed that animals were harvested at Prime, or Standard
quality grades thus the main categories of interest are Select and Choice. Overall, the quality
grade equation correctly predicted 73.76 percent of the animal’s quality grade (Predicted Quality
Grade = Observed Quality Grade, Table 3.5). A breakdown of the results reveals that of those
that were Choice at harvest 98.16 percent accurately predicted, while 1.84 percent were predicted
to be Select. Of the 45 head that were Select at harvest, 4.23 percent were correctly predicted,
while 95.77 percent were predicted to be Choice. In regard to the extremes, the animals were
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unilaterally over-predicted to grade Choice and under-predicted to grade Standard, Select, and
Prime. Overall, the prediction tends to favor Choice quality grades.
Table 3.5

Predicted and Observed Quality Grade Categorical Results

Observed Quality
Grade
Choice
Prime
Select
Standard
Total

Frequency
Row Percent
Frequency
Row Percent
Frequency
Row Percent
Frequency
Row Percent
Frequency
Row Percent

Table of Actual Quality Grade by Predicted Quality
Grade
Predicted Quality Grade
Choice
Select
Total
3204
60
3264
98.16
1.84
74.1
33
0
33
100
0
0.75
1020
45
1065
95.77
4.23
24.18
36
7
43
83.72
16.28
0.98
4293
112
4405
97.46
2.54
100
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CHAPTER IV
DYNAMIC MARGINAL PROFIT MODELS
In this section, two types of dynamic marginal profit models are developed, non-value
adjusted (NVA) and value adjusted (VA). The dynamic marginal profit maximization concept
only accounts for time variant total revenues and accruing (marginal) production costs. The
concept rules out predetermined time independent costs, such as trucking,
processing/reimplanting, and carcass data collection fees. These would be treated in the dynamic
realization of profit as a constant fixed cost adjustment and play no role in the optimization of
market timing. Though health related costs are not predetermined and may accrue over time, they
are inherently stochastic by nature and short lived and not considered in the marginal cost
concept.
The first type of model developed is non-value adjusted (NVA) as each animal is assumed
to receive the same market average live cash price on the day of sale. However, given that the
underlying carcasses of the live animals are heterogeneous at any given point in time, one of the
primary jobs of a packer buyer is to visually appraise the slaughter value of live animals offered
for sale. As such, the second type of profit model considered is value adjusted (VA) over time
(days on feed) to account for the evolution of the expected underlying carcass, and hence value
based on premiums and discounts (grid) typically applied to beef carcasses individually, based
on weight, quality grade, and yield grade.
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Non-Value Adjusted Marginal Profit Models
The first simulation model, based on Maples et al. (2015), implicitly assumes that the
seller receives the market average live price and that the price path is constant throughout the
year. The producer’s objective function is a dynamic marginal profit equation for each of i
animals,

(4.1)

The acceptable body weights are constrained based on the assumption that buyers/sellers will not
knowingly place a bid/offer on live animals whose carcasses are expected to be underweight or
overweight. As in Maples et al. (2015), the body weight boundaries are chosen on a 63 dressing
percentage bases, resulting in roughly 600 and 900 pound carcasses, weights at which light and
heavy weight carcass discounts typically occur in carcass-based transactions, respectively.
In Equation (4.1), p represents an observed or expected weekly average live cash price
over time for a particular market and is assumed constant. The same price, p , is applied to all
individuals irrespective of quality differences, and is thus a non-value adjusted price path. Next,

SLWi (t ) is the individual shrunk live weight growth predicted using Equation (3.2). The cost
term, ci (t ) , is the individual variable costs of production that accrue over time and whose total
are dependent upon when the animal is marketed. These time dependent costs, include feed,
micros, yardage, and interest. Feed costs are by far the largest contributor to production costs.
Feed consumption and feed input costs (e.g. corn, silage, and hay) likely vary over time. Thus,
marginal changes in feed costs will likely vary over time as well. Yardage is a constant daily cost
33

charge on a per head basis intended to compensate the feedlot owner for operational inputs, such
as management, labor, fuel, infrastructure, equipment, and depreciation. Micros are various feed
additives, such as ionophores, antibiotics, and growth promotants, that may vary over time on an
as needed basis. Aggregate marginal variable costs follow the relationship ci (t )  0 , but may not
be strictly quasiconcave or quasiconvex across the relevant region of time. If it assumed that on
average ci (t ) = 0 , then optimization of Equation (4.1) in regards to the optimal market timing (

t * ) is a straight forward process, appropriately censored on the body weight constraint, and is
depicted in Equation (16) of Maples et al. (2015). In the presence of sufficiently complex
nonlinearities in regards to a dynamic marginal cost function, t * must be solved numerically.
The second model extends Equation (4.1) to incorporate a more realistic assumption of a
candidate seasonal live cash price path for a particular market. This also allows for simulated
results to be dependent upon the month the cattle are delivered to the feedlot. The producer’s
objective function is now

(4.2)

where p (t ) is a time dependent non-value adjusted price path. A closed form solution for t * does
not exist given the added nonlinearities of a seasonal price path, even if smooth and continuous,
and thus requires a numerical solution. This is especially true when using observed average
weekly prices held constant for days within the week. This creates a discontinuity across time as
measured in days per period, i.e., month or year.
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Value Adjusted Marginal Profit Model
Finally, a value adjusted (VA) marginal profit is developed. To determine the valueadjusted marginal profit for an observed live animal in the feedlot, grid live cash prices must be
adjusted by incorporating expectations of the underlying carcass value. The producer’s value
adjusted marginal profit objective function is

Max  i (t ) = DPi (t )   (t ) + Ci (t ) v(t ) SLWi (t ) − ci (t )t

(4.3)

t

where DPi (t )[ ] is the individual’s expected live value carcass equivalent price path. This price
is derived by first adjusting the observed weekly average negotiated live cash price path by the
corresponding market average dressing percentage, d , which results in weekly average carcass
(i.e., dressed) price equivalents, where  (t ) = p(t ) / d . Alternatively, the reported dressed price
may be used directly for  (t ) . Either way, the price  (t ) reflects the market average base price
for carcasses, which, by industry standards, is a Choice Yield Grade 3 carcass between 600 and
900 pounds in grid (formula) based transactions. In the objective functions presented in
Equations (4.1) and (4.2), the base price path may either be assumed constant or seasonal for
simulation purposes. Next, the base carcass price is adjusted by the net results from the 1 X K
vector of expected carcass characteristics, Ci (t ) , multiplied by a corresponding K X 1 vector of
grid premiums/discounts, v (t ) ,that may vary over time as depicted in Table 5.1.1. The carcass
characteristics’ premiums/discounts could be market averages, unique to a producer, assumed
constant, or assumed seasonal over time. The final multiplication, DPi (t )[ ] , results in a given
animal’s expected live value carcass equivalent price path which is dependent on the expected
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evolution of its underlying carcass and dressing percentage. Finally, note that the objective
function (Equation 4.3) is no longer weight restricted. Given grids also include discounts for
light (< 600 pound) and heavy (> 900 pound) weight carcasses, the carcass weight characteristic
is accounted for directly.
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CHAPTER V
ECONOMIC DATA
This section describes the economic data used to construct price, grid, and cost
information for simulations of the non-value and value adjusted dynamic marginal profit models.
To begin, weekly live cash prices spanning the same time period as the feedlot data (2003 to
2011) were collected from the AMS Five Area Weekly Weighted Average Direct Slaughter
Cattle report (USDA, AMS, 2019). For the non-value adjusted profit model (Equation 4.1) that
assumes a constant live cash price path, the market average price was calculated for all
observations, resulting in a live cash price of $91.00. For non-value adjusted profit model
(Equation 4.2) that allows for seasonal prices, weakly price averages were derived by averaging
corresponding weeks across the years.
Due the extreme shock of short supply late in 2011, non-typically high prices were
observed in November and December, creating a non-continuous season price pattern. Therefore,
to construct a smother seasonal price pattern, these observations were given less weight was
given to week 1 and 52 to keep an average live cash price of $91. Figure 5.1 depicts the daily
constant ($91.00/cwt) and seasonal live cash price paths, assuming an October delivery. The
discrete nature of daily prices is due to weekly negotiated prices applying to all cattle delivered
in a particular week.
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Figure 5.1

Five Area Cash Price Path - October Delivery

For the value adjusted profit model (Equation 4.3), weekly carcass dress prices were
collected to calculate the average dressing percentage relationship between live and dress prices
over the data series. This was accomplished by dividing the weekly live cash price by its
corresponding dress price then calculating the average of the series. The observed average dress
percent over the series is approximately 63 percent. Next, base carcass price paths are calculated
by dividing each weekly live cash price by the related average dressing percentage. Assuming a
constant price path, the base carcass price is $144.44/cwt. Next, grid prices for slaughter cattle
were obtained from the AMS’s Five Area Weekly Weighted Average Direct Slaughter Cattle
Premiums and Discount report (USDA, AMS, (2019)). Maintaining time consistency, average
quality grade, yield grade, and carcass weight premiums and discounts are derived on a carcass
weight basis. Prime grade animals received a average premium of $14.47/cwt; Choice grade is
the base, with no premium or discount; Select grade animals were discounted an average of
$8.43/cwt; while Standard grade animals, the discount averaged $16.51/cwt. Yield grade 1
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animals received an average premium of $3.98/cwt; Yield grade 2, an average premium of
$2.02/cwt; Yield grade 3 is the base, with no premium or discount; while Yield grade 4’s were
discounted an average of $14.48/cwt and Yield grade 5’s, an average of $22.18/cwt. Lightweight
carcasses ( < 600 lbs.) were discounted on average $21.42/cwt, while heavyweight carcasses ( >
900 lbs.) were discounted on average $15.70/cwt. A summary of the base price, as well as the
average premiums and discounts used to derive the expected live value carcass equivalent price
paths are provided in Table 5.1.
Table 5.1

Grid Formula (LMIC 2003-2011)
Carcass Characteristic (C)
Base Price
Quality Grade
Prime
Choice
Select
Standard
Yield Grade
1
2
3
4
5
Weight
Heavy Weight (over 900
pounds)
Light Weight (under 600
pounds)

Average $/cwt
144.44
Premium/Discount
14.47
0
-8.43
-16.51
Premium/Discount
3.98
2.02
0
-14.48
-22.18
Premium/Discount
-15.7
-21.42

Based on the average animal in the data series using the live and carcass prediction
equations (Equations 3.1 through 3.13), price series comparisons under constant and seasonal
price paths are provided in Figure 5.2. The combination of discounts from lightweight and
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Standard grade carcasses result in a lower value path relative to the live cash price under both
price path scenarios. Also, as the average animal begins to experience the combination of
heavyweight and Yield Grades 4 and 5 discounts, the value path falls well below the live cash
price. When buyers account for expectations of the underlying carcass value, it is unlikely sellers
will receive the full live cash price for over and under finished cattle. Only after DOF 166 does
the live value adjusted price path exceed the live cash price. This presumes that buyers adjust for
increases in dressing percentage when greater than the average of 63 percent.

Figure 5.2

Price Series Under Constant and Seasonal Price Path

Though daily production costs may vary across time as previously discussed, the data
from TCSCF only includes total variable input cost measurements. The primary inputs that
contribute to variable costs of production that accrue over time are feed, yardage, micros, and
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interest. Total feed consumption on an individual basis is estimated by means of the Cornell Net
Carbohydrate and Protein system (Tedeschi et al., 2003).1 Given the total consumed, total feed
costs are prorated on a per head basis. Individual feed cost estimates vary across individuals
based on feed input costs and estimated consumption over the time frame of the data (2003 to
2011). The average daily variable costs of production are calculated by dividing the sum of these
costs by the total days on feed at slaughter. Therefore, variable costs per day as they accrue in the
simulations are treated as a constant marginal cost of production. Table 5.2 provides the
descriptive statistics for average daily variable costs of the cattle in the data.
Table 5.2

Create a short, concise table title and place all detailed caption, notes, reference,
legend information, etc in the notes section below

Variable
Average Variable Cost

1

N
Mean
4412 1.835384

Std Dev Minimum
0.51387 0.916811

Maximum
4.053417

The information used to estimate feed consumption are the animal’s observed delivered weight,
slaughter weight, days on feed at slaughter, yield grade, hot carcass weight and estimated energy
density of the feed ration.
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CHAPTER VI
MARGINAL PROFIT SIMULATION RESULTS
Three general market timing methodologies are compared, actual harvest based on a 0.5inch back fat rule and the two dynamic profit maximization rules, non-value adjusted (NVA) and
value adjusted (VA). As in Maples et al. (2015), predicted marginal profits from optimization of
the dynamic profit models are compared to those predicted when marketed on the observed
harvest date. Of interest are the effects on profitability of relaxing the constant price path
assumption to include seasonal price patterns and the evolution of the underlying carcass value.
The specifications for price path simulation results for profit maximization models in
Equations (4.1), (4.2) and (4.3) are as follows. Both NVA and VA constant live cash price paths
utilized in the simulations is the price $91.00/cwt depicted in Figure 5.1. All NVA and VA
seasonal live cash price paths for delivery months January to December are derived from there
corresponding seasonal price path. As an example the delivery price path for October is depicted
in Figure 5.1. All VA results are based on the assumption of a constant grid formula using the
average premiums and discounts per carcass category in Table 5.1. While premiums and
discounts change over time, they are held constant to reduce the noise of the VA results and
allow for more precise ceteris paribus comparisons. Base prices for the underlying carcass values
vary across time based on p (t ) / d , where p (t ) is the (constant or seasonal) live cash price at
DOF t = [0, 365] and average dressing percentage, d = 0.63 , for data spanning 2003 to 2011.
This establishes the base price adjustment over time that maintains a consistent relationship
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between live cash and dressed prices over time. The final live value equivalent price,
DPi (t )  p(t ) / d + Ci (t ) v(t ) , from Equation (4.3) is based on individual expectations of dressing

percentage evolution (Equation 3.4) and carcass characteristic evolution (HCW Equation (3.5),
discrete values 1 to 5 from YG Equation (3.11), and discrete values Standard, Select, Choice and
Prime from MS Equation (3.13)).
The results section is presented in three sections. First is the dynamic marginal profits
model with a constant live cash price path. Second is the dynamic marginal profits model with a
seasonal live cash price path. The last section provides a summary of the predicted profitability
between methods and assumptions of whether the live cash price is constant or seasonal.
Opportunity cost comparisons are all discussed.

Dynamic Marginal Profits with Constant Live Cash Price Path
The NVA and VA marginal profits assuming a constant live cash price path, of
$91.00/cwt are estimated. Figure 6.1 depicts the average marginal profit paths for the two
methods applied to the population of cattle analyzed. The expected VA profit path for DOF 0 to
162 is less than the NVA path. This is due to the discounts for light weight and lower quality
grade cattle. At DOF 163, the profit series equal and the expected DP just equals 63 percent as
(see Figure 3.2). After DOF 162, the marginal profit path for VA is generally greater than NVA.
This is due to the presumption that if the expected DP is greater than the base of 63 percent, the
buyer is willing to pay for the higher yielding carcass. Next, the VA marginal profit path
converges with the NVA marginal profit path, indicating a reduction in value due to discounts for
higher YG and heavy carcass weight. Finally, the peak of the VA occurs on DOF 208 while the
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NVA’s peak is DOF 174, indicating a general incentive to feed cattle longer when accounting for
carcass value, especially when buyers are willing to pay for longer-fed higher-yielding cattle.

Figure 6.1

Dynamic Marginal Profits with a Constant Price Path

Figure 6.2 depicts the distribution of DOF under the various marketing timing methods. It
appears that from the set of cattle analyzed, the observed distribution of DOF is much smaller
than that for either of the profit maximization approaches. This result may be partially due to a
particular set of real world constraints that have not been discussed thus far, primarily the cattle
in the data are grouped into ‘similar’ truckloads of cattle to meet buyer scheduling requirements.
However, the simulated profit maximization strategies assume each animal is marketed on its
profit maximizing day, where numerical solutions are absolute, conditions likely to result in a
wider choice of DOF prior to marketing. As such, market timing based on marginal profitability
tends to increase the variance of DOF. Finally, marketing based on expectations of underlying
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value and profit shifts the distribution more to the right as compared to the NVA marketing
methodology.

Figure 6.2

Days on Feed Harvested Distribution by Marketing Method Assuming a Constant
Live Cash Price Path

Dynamic Marginal Profits with Seasonal Live Cash Price Path
The NVA and VA marginal profits assuming a seasonal live cash price path where the
price path changes based on delivery weight are estimated. Figure 6.3 depicts the average
marginal profit paths assuming October delivery for the NVA and VA methods, with the NVA
assuming a constant price path included for reference. The expected VA profit path for DOF 0 to
162 is less than the NVA path due to discounts for light weight and lower quality grade cattle.
After day 162, the marginal profit path for VA is generally greater than NVA, likely reflecting
the buyers’ willingness to pay a premium for higher yielding carcasses (i.e., when the expected
DP exceeds the base of 63 percent). Next, the VA marginal profit path converges from above
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with the NVA marginal profit path, indicating a reduction in value due to discounts for higher
YG and heavy carcass weights. Finally, the peak of the VA occurs on DOF 195 while the NVA’s
peak is on DOF 189. Though feeding cattle longer when accounting for the carcass value, the
difference happens to be smaller than under a constant price path assumption. Therefore,
differences in results are path dependent and cannot be assumed to be constant.

Figure 6.3

Dynamic Marginal Profits with a Seasonal Price Path

Comparative Profit Results
The average optimal DOF for each method is reported in Table 6.1. Table 6.2 reports the
opportunity cost of ignoring the value of the underlying carcass. These results are not to be
confused with the results in Figures 6.1 and 6.2 which depict group averages over time as if all
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4412 head of animals were sold at once. The following results are based on individual
marketing’s.
Assuming a constant live cash price path, the NVA expected average marginal profit was
$711.76/head and are marketed on average at 192 DOF. Alternatively, the VA expected average
marginal profit was $692.97/head if harvested on the NVA DOF. The NVA expected average
marginal profit was $694.93/head if marketed on the actual harvest dates averaging 173 DOF. As
summarized in Table 6.2, this result indicates that marketing purely based on profit without
consideration of the carcass, results in an opportunity cost of $16.83/head when compared to the
industry standard of marketing based on a 0.50 inch of back fat. This result supports what
Maples et al. (2015) concluded. Ignoring the underlying carcass value results in over-predicting
the value that the processor may place on the animal.
In regard to VA, it is found that the average marginal profit was $752.61/head with
marketing at an average at 236 DOF. The longer feeding period can be attributed to the fact that
the simulation predicts improved marbling without suffering from the undesired yield grade
discounts. Also, it is presumed that producers will receive premiums for the increased dressing
percent. The VA expected average marginal profit for the actual harvest date of the cattle in the
data was $705.80/head and are marketed on average at 173 DOF 173. Thus, the opportunity cost
of ignoring carcass value is $59.64/head, while the opportunity cost of ignoring profit
maximization is $46.81/head (Table 6. 2). While these values are dependent on the assumed
price path; the results are consistent.
Additionally, when seasonal price paths are considered marketing purely based on profit
without consideration of the carcass results in an opportunity cost of $24.71/head to $72.78/head.
When seasonal price paths are considered the opportunity costs of ignoring the underlying
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carcass value ranges from $16.92/head to $70.55/head, while to opportunity cost of ignoring
profit maximization ranges from $50.29/head to $101.32/head. Thus, not only is consideration of
carcass evolution important, but price path is important as well.
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Table 6.1

Individual Average Profit Maximization and Optimal Days on Feed by Methodology

Price Path

VA @ VA & Profit
Max DOF

VA @ Actual
Harvest DOF

NVA @NVA Profit
Max DOF

NVA @ Actual
Harvest DOF

VA @ NVA Profit
Max DOF

DOF

Profit

DOF

Profit

DOF

Profit

DOF

Profit

DOF

Profit

Constant
January Delivery
February Delivery
March Delivery
April Delivery
May Delivery
June Delivery
July Delivery
August Delivery
September Delivery
October Delivery
November Delivery

236
258
257
246

173
173
173
173

173
173
173
173
173
173

694.93
673.73
674.48
696.88
717.79
728.55
728.55
702.91
668.55
676.73
695.51
701.41

192
224
232
228

200
181
182
196
209
214

711.76
737.17
739.73
744.61
749.72
753.27
753.27
750.31
741.33
729.16
725.31
729.58

173
173
173
173

173
173
173
173
173
173

705.8
684.35
685.19
707.85
728.93
739.76
739.76
713.75
679.16
687.48
706.44
712.36

192
224
232
228

221
213
219
229
231
237

752.61
776.86
786.51
793.19
793.91
791.12
791.07
776.42
767.19
760.8
759.87
762.65

200
181
182
196
209
214

692.97
706.31
723.21
753.16
770.91
774.17
774.15
745.17
723.88
717.83
726.55
727.33

December Delivery

247

767.85

173

701.34

216

733.26

173

690.57

216

715.63

231
222

173
173

215
200
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173
173

215
200

Table 6.2

Marginal Profit Opportunity Costs
Marginal Profit Opportunity Costs ($/head)
Price Path
Constant
January Delivery
February Delivery
March Delivery
April Delivery
May Delivery
June Delivery
July Delivery
August Delivery
September Delivery
October Delivery
November Delivery
December Delivery

NVA Profit Max vs. NVA
@ Actual Harvest DOF

VA Profit Max Vs. VA @
Actual Harvest DOF

VA Profit Max Vs. VA @
NVA Profit Max DOF

16.83
63.44
65.25
47.73
31.93
24.72
24.71
47.41
72.78
52.43
29.80
28.17
42.69

46.81
92.51
101.32
85.34
64.98
51.36
51.30
62.66
88.03
73.32
53.43
50.29
66.51

59.64
70.55
63.30
40.03
23.00
16.95
16.92
31.25
43.31
42.97
33.31
35.31
52.22
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CHAPTER VII
CONCLUSION
This study contributes to previous literature focused on helping cattle feeders make better
market timing decisions to improve profitability. This study shows that the profitability of fed
cattle is a dynamic process due to evolving factors such as carcasses, seasonal prices, and
production costs. The results of this research provides cattle feeders with a more detailed
understanding of how the evolution of carcass characteristics impact optimal market timing.
Understanding the economic implications of carcass evolution will help producers improve
profitability.
This study extends Maples et al. (2015), by including season price paths and live cash
value equivalent of the underlying carcass value for making optimal market timing decisions.
The results demonstrate that ignoring these real-world aspects results in strictly increasing
opportunity costs of current industry marketing practices. Including individual value adjusted
price paths accounts for inherent heterogeneity of carcass evolution, providing individual rather
than group average dynamic profit paths. Additionally, this study acknowledges that there is
merit to the profit motives of the 0.50-inch back fat rule.
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CHAPTER VIII
LIMITATIONS
It is acknowledged that this study has some limitations. First, it is assumed that the value
adjusted model is the true representation of individual carcass evolution. Evaluation of the
accuracy on an individual basis it became evident that the carcass characteristics modeling is not
entirely accurate. As such, before implementation of this methodology in the real world,
improved prediction equations are needed. Therefore, it would be of great value to conduct
research that relates carcass characteristics evolution to observable live animal body growth
characteristics.
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APPENDIX A
CONVERSION PROCEDURES
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Dress Percentage Conversion Procedure
Bruns et al. 2004 estimated dressing percent (DP),

𝐷𝑃 =

𝐻𝐶𝑊
𝑆𝐿𝑊

(A.1)

which is the ratio of hot carcass weight (HCW) and a four percent SLW. Rearranging equation
(A.1) expresses hot carcass weight as a function of SLW and DP
𝐻𝐶𝑊 = (𝑆𝐿𝑊)(𝐷𝑃)

(A.2)

In equation (A.2), neither HCW nor DP can be determined from observation and predictions of
live animal growth alone. Given individual SLW from Equation (3.2), estimates of hot carcass
weight require an estimated dressing percentage given days on feed based on the serial kill data,
whereby both HCW and SLW are observed.
Bruns et al. 2004 estimated dressing percent,

𝐷𝑃 = .4739 + .0005(𝐻𝐶𝑊)

(A.3)

where HCW is in kilograms. Equation (A.3) was estimated by means of a Fisher’s least square
ANOVA generated using the GLM procedure in SAS. To express Equation (A.3) in terms of
pounds of HCW, a range of HCW (in kilograms) fitting Bruns et al. (2004) was used in Equation
(A.3) to estimate DP the respective HCW (in kilograms) were then multiplied by the conversion
factor of 2.20462. Next, the HCW (in pounds) was divided by the corresponding predicted DP
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from Equation (A.3) to derive an estimated SLW. The estimated SLW was then multiplied by
1.04 to obtain the live weight estimate in pounds. Using the SLW and DP the following OLS
regression was estimated in a pound’s version of Equation (A.3) resulting in the following
equation in the text,

𝐷𝑃𝑖𝑡 = 0.4291 + 0.000185 × (𝑆𝐿𝑊𝑖𝑡 ).

(A.4)

Fat Cover Conversion Procedure
Bruns et al. 2004, estimated for rib fat (fat cover),

2
𝐹𝐶𝑐𝑚 = .5442 − .0045(𝐻𝐶𝑊𝑘𝑔 ) + .0000202(𝐻𝐶𝑊𝑘𝑔
)

(A.5)

where HCW is in kilograms and fact cover is in centimeters. To do the conversion, using the
same range of HCW (in kilograms) stated above the fat cover in centimeters was calculated using
Equation (A.5). Then to convert the rib fat from centimeters to inches; rib fat was divided by
2.54. From there the respective HCW (in kilograms) was converted to pounds by multiplying by
2.20462. Once in pounds the HCW was squared. Finally, a quadratic regression was estimated on
rib fat (in inches), HCW (lbs.) and HCW (squared inches). The resulting equation in the text for
fat cover is

2 )
𝐹𝐶𝑖𝑛𝑐ℎ𝑒𝑠 = 0.214252 − 0.000804(𝐻𝐶𝑊𝑙𝑏𝑠 ) + 0.000002(𝐻𝐶𝑊𝑙𝑏𝑠
.
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(A.6)

Marbling Score Conversion Procedure
Bruns et al. 2004 estimated marbling score,

𝑀𝑆 = 60.199 + 1.654(𝐻𝐶𝑊𝑘𝑔 )

(A.7)

Because this formula was created using the metric system, it is converted it to standard units for
this analysis. The marbling score was first calculated using Equation (A.7) for a HCW in
kilograms. Then the HCWkg was converted to HCWlbs by multiplying by 2.20462. From there
HCWlbs was regressed on the marbling score which was calculated from the original equation.
The resulting formula for Marbling score used in this study with HCW expressed in pounds is:

𝑀𝑆 = 60.199 + 0.750243(𝐻𝐶𝑊𝑙𝑏𝑠 ).
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(A.8)

